A population-based case-control study was conducted to assess the relation between physical activity and colon cancer among men and women aged 30-62 years. Cases were 251 men and 193 women diagnosed with colon cancer in [1985][1986][1987][1988][1989] in three counties in the Seattle metropolitan area who were identified from the Seattle-Puget Sound Surveillance, Epidemiology, and End Results registry. Controls were 233 men and 194 women identified by random digit telephone dialing who were selected by stratified random sampling to approximate the age, sex, and county distribution of cases. Physical activity was assessed by questions on frequency and duration of types of recreational and occupational activities during the 10-year period ending 2 years before diagnosis. Each activity was classified as low intensity (<4.5 METs) or moderate to high intensity (^4.5 METs). For men and women combined, moderate or high intensity recreational activity was associated with a decreased risk of colon cancer (relative risk (RR) for two or more times per week vs. none = 0.70, 95% confidence interval (Cl) 0.49-1.00). This relation was stronger for men than women. Occupational activity was not associated with colon cancer, except among men younger than 55 (RR for a 14.5 hours per week of moderate activity vs. none = 0.29, 95% Cl 0.12-0.69). Among men and women combined, total moderate or high intensity activity (occupational plus recreational) was marginally related to colon cancer (RR for ^5 hours per week vs. none = 0.78, 95% Cl 0.55-1.10). These results were adjusted for age (and sex in the combined sex analyses) and were not confounded by body mass Index, dietary factors, or other measured health behaviors. The results of this study provide modest support to the growing number of studies showing that recreational and/or occupational physical activity is associated with a reduced risk of colon cancer. Am J Epidemiol 1996;144:42-50. colonic neoplasms; exercise; occupations
In the mid-1980s, three studies reported an increased risk of colon cancer in men with sedentary occupations (1) (2) (3) . This association was intriguing because it was a possible explanation for the different time trends between men and women in colon cancer incidence over the middle of this century: Men experienced a 53 percent increase in colon cancer incidence over the 40-year period 1937-1977 , whereas among women, the increase was only 17 percent over the same period (4) . This corresponded to a decline in job activity in the United States during this century as our economy shifted from agriculture to manufacturing to service jobs (5), a decline that has affected men primarily. The percentage of men in active jobs (manual and farm) declined from 70 percent in 1930 to 52 percent in 1970, and the percentage of women in such jobs remained low (5) .
Since the early studies on job activity, a large number of additional studies have investigated the risk of colon cancer associated with occupational, recreational, or total activity among men and women, with fairly consistent findings that increased activity decreases risk (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) . However, few of these studies collected detailed information on both recreational and occupational activity, none reported on household activity, and few had complete information on the potentially confounding effects of diet and other factors associated with physical activity.
We conducted a population-based, case-control study of the relation between physical activity and colon cancer among men and women in western Washington State. To ensure a large percentage of physically active study subjects, the study was limited to persons who were age 62 years, the median age of diagnosis of colon cancer, or younger. Detailed information was collected on frequency and intensity of occupational, recreational, and household activity so that physical activity could be quantified in terms of estimated metabolic equivalents (METs) in kilocalo-Physical Activity and Colon Cancer 43 ries expended per kilogram of body weight. An additional advantage of this study is that many Washington State residents were early participants in the trend toward increased recreational physical activity (24) .
METHODS

Selection of cases and controls
All incident cases of invasive adenocarcinoma of the colon diagnosed between July 1985 and September 1989 among 30-to 62-year-old residents of King, Pierce, or Snohomish County were identified through the Seattle-Puget Sound Surveillance, Epidemiology, and End Results registry. A total of 659 cases were identified. Of these, 102 died before being approached for the study.
A population control group was selected by random digit dial calls made to 20,501 numbers, of which 9,384 were determined to be households. For 4.5 percent of the numbers called, it was not possible to determine whether the telephone was residential (busy signal or no answer for 20 calls). Because this percentage is consistent with the percentage of numbers that are nonworking or assigned to telephone booths, these losses were not included in the response rates below. Household screening to determine the age and sex of adults in the household was successful for 9,051 (97 percent) of the 9,384 households identified. Of those screened, 549 subjects were selected by stratified random sampling to approximate the age, sex, and county distribution of the cases.
Inclusion criteria were similar for cases and controls, in particular, absence of antecedent colon or rectal cancer, polyposis, or inflammatory bowel disease; current residence in a private household in one of the three selected counties; white race; and ability to communicate adequately in English. The study was limited to whites because of the small percentage of minorities in the area.
Among the cases, 55 were found to be ineligible (11 had prior colorectal cancer, 10 had polyposis or inflammatory bowel disease, 10 had no phone or lived in an institution, 14 had moved from the Seattle-Puget Sound area, six had participated in a prior study, and four were not able to communicate adequately). Permission to contact 39 cases was not granted by the treating physician, 16 cases refused to participate, and three were not reachable. Thus, 88 percent (444 of 502) of the alive, potentially eligible cases completed the interview for an overall case response proportion of 75 percent (0.88 X 0.85, the proportion of cases who were alive).
Among the controls, 26 were found to be ineligible (19 were nonwhite, three had colorectal cancer, three had polyposis or inflammatory bowel disease, and one could not communicate adequately). Ninety-four potentially eligible controls refused at screening or refused or were not reachable at the interview, and two died before the interview. Thus, 82 percent (427 of 523) of potentially eligible controls completed the interview for an overall estimated control response proportion of 79 percent (0.82 X 0.97, the proportion of residential phone numbers that were successfully screened).
Ascertainment of physical activity and covariates
A structured telephone interview was conducted that covered demographic characteristics, physical activity, bowel habits, height and weight, vitamin/mineral supplement use, and alcohol consumption. To minimize any influence of symptoms of colon cancer on the exposures of interest, a reference date was set as 2 years before diagnosis for the cases or a corresponding date for the controls. In addition, a semiquantitative food frequency questionnaire was mailed to all subjects and was completed by 96 percent of those interviewed (424 cases, 414 controls). This instrument has been described previously (25) . Briefly, information on consumption of 71 foods and nine beverages was taken into account in calculating energy and nutrient intakes.
Subjects were asked about lifetime occupational physical activity and about recreational and household physical activity during a 10-year reference period ending at the reference date. Recreational physical activity was ascertained using a questionnaire similar to that developed by Taylor et al. (26) . Subjects were asked to recall each activity they performed on a regular basis, i.e., at least twice per month in any year over the 10-year reference period. The subjects were asked for the age they started and ended each activity, the months per year the activity was performed, and for those months, the frequency (times per week or month) and duration (hours and/or minutes) they performed each activity.
Each type of recreational activity was assigned an intensity code, in units of METs, using Ainsworth et al.'s Compendium of Physical Activities (27) . To create the MET activity variable, we calculated the total hours in each activity during the 10-year period and multiplied this by the intensity code for that activity, summed over all activities and divided by 520 (weeks in 10 years), to yield METs per week during the 10-year period. Because the MET intensity code is an approximate measure of kilocalories per hour per kilogram of body weight, the total MET activity variable is a measure of energy expended in recreational activity that is independent of body weight (total kilocalo-ries per kilogram). Each activity was also classified as low intensity (<4.5 METs) (e.g., walking), moderate intensity (4.5-5.5 METs) (e.g., dancing), or high intensity (^6.0 METs) (e.g., running) as suggested by Taylor et al. (26) .
Occupational activity was assessed by a modification of the method developed for the Framingham Study (28) . For each job held more than 1 year, subjects were asked to report the job title and industry, the year they began and ended each job, and the average days per week and the average hours per day worked. For each job, subjects were then asked to divide a typical work day into hours spent in each of the following activity levels: 1) sitting or standing; 2) walking; 3) "moderate" physical work, such as frequently rifting or carrying up to 25 pounds; and 4) "heavy" physical work, such as frequently lifting or carrying 25 pounds or more. In calculating the job physical activity variables, only categories 2-4 were included since sitting has a MET of 1.0 and standing, a MET of 1.2 (27) . Intensity codes were assigned to each level of job activity: category 2, 3.5 METs; category 3, 4.0 METs; and category 4, 5.5 METs, based on similar work activities reported by Ainsworth et al. (27) . From this information, we calculated hours per week in nonsedentary work (categories 2-4), hours per week in moderate intensity work (category 4), and METs per week of work. Averages per week were averages over the subject's entire working life from age at first job to reference age or over the entire 10-year reference period, even if the subject had not been employed the entire time. Mean years of work before the reference date were similar for male cases (34.5 years) and controls (34.0 years) and for female cases (30.6 years) and controls (30.4 
years).
For household activity, the subjects were asked the number of hours per week they spent in household chores or active child care that required walking or physical work during the 10-year reference period. All housework was assumed to be low intensity (3.5 METs), based on the MET code for cleaning (3.5) in Ainsworth et al. (27) .
Data analyses
Unconditional logistic regression was used to estimate the relative risk (estimated by the odds ratio) for colon cancer and its 95 percent confidence interval associated with each level of each factor of interest after adjustment for other covariates. Variables were converted from continuous variables to ordered categorical variables based on meaningful cut points or on tertiles or quartiles of the distribution among the controls. When the distribution of a variable differed substantially for men and women, the categorization was done separately for men and women. In addition, a test for trend was based on the significance of a single trend variable coded as the category of exposure.
All analyses were adjusted for age by inclusion of five age categories (ages, in years, 30-44, 45-49, 50-54, 55-59, and 60-62) in the model. Analyses of men and women combined were also adjusted for sex. No other measured factors confounded the associations presented (see Results).
The relation of physical activity to colon cancer within certain subgroups of the population (e.g., age groups) was modeled by separate analyses within each subgroup of interest. The presence of effect modification was tested on the entire sample by use of an interaction term between the physical activity trend variable and the group variable.
RESULTS
In table 1, the distribution of cases and controls by selected factors related to colon cancer in this study and/or factors known to be related to physical activity (29) are presented. Among both men and women, cases reported greater alcohol intake; and among men only, cases reported greater energy intake and had higher body mass index. Constipation was also more common among both male and female cases.
Frequency of any recreational activity during the 10-year reference period was associated with decreased risk of colon cancer for men and women combined (table 2) . However, the lowest risk was for exercise two to less than four times per week with less reduction in risk for exercise more often or less often. When recreational physical activity was limited to moderate or high intensity activities, there was a decreasing risk with increasing frequency for men and women combined. High intensity activity (e.g., running) at least once per week was protective for men and women combined. For each of these relations, the pattern of risk was statistically significant (or of borderline significance) for men, whereas for women, the patterns were weaker and nonsignificant (table 2) . Other methods of classifying recreational activity (by hours or METs) showed similar but weaker associations (table 2) .
Because men reported many more hours of occupational activity than women, and women reported many more hours of housework, only these associations are presented separately for men and women (table 3) . For both sexes, there were no clear associations between colon cancer risk and reported hours of nonsedentary job activity, moderate intensity job activity, or jobrelated energy expenditure (METs) over the 10-year reference period. However, when the analyses in table 3 were stratified by age (data not shown), job activity of moderate intensity was associated with a large decrease in colon cancer risk among men less than 55 years of age (relative risk for £14.5 hours per week vs. none = 0.29, 95 percent confidence interval = 0.12-0.69, p for trend = 0.005), whereas among older men, job activity was not associated with reduced risk. The difference between older and younger men was highly significant (p for interaction = 0.003). Lifetime occupational activity (data not shown) and household activity (table 3) were not related to colon cancer risk.
Two measures of total physical activity during the 10-year reference period were considered (table 4).
The first was hours per week of moderate or high intensity recreational or job activity. Although no associations were statistically significant, the pattern for men and women combined was suggestive of a reduced risk of colon cancer associated with 5 or more hours of moderate or high intensity physical activity per week. There were no clear associations when we evaluated total energy expended in METs, which we based only on recreational and occupational activities because of the large number of hours of housework reported by women.
None of the other factors in table 1, other correlates of physical activity including education and smoking (29) , or other predictors of colon cancer in this study including vitamin supplement use, fiber intake, and calcium intake (25) confounded the associations shown. After adjustment for each of these factors separately and combined, the relative risks changed by less than 10 percent.
Body mass index and frequency of constipation are measures of potential mechanisms of any physical activity-colon cancer relation as well as potential confounders. Inclusion of either of these factors in the statistical model had no effect on the associations presented.
There were no important differences in the association of job or recreational physical activity to colon cancer by anatomic subsite (data not shown). The results were similar for cancer of the proximal colon (cecum to and including splenic flexure) and distal colon (descending and sigmoid colon). Similarly, there were no important effect modifiers of the relation between physical activity and colon cancer, except for the effect of age on the relation between occupational activity and colon cancer among men, noted above.
DISCUSSION
Our findings of a modest reduction in colon cancer risk associated with recreational physical activity could be due to self-selection of controls with healthier lifestyles. However, adjustment for health behaviors other than recreational activity, e.g., use of vitamin supplements, fiber intake, smoking, and alcohol use, did not modify our results. It is unlikely that our results are spuriously due to our failure to interview all cases, unless those cases who died (our primary reason for loss of cases) were more physically active than those who survived.
Another concern is that differential and nondifferential measurement error in our assessment of physical activity may have biased our results. The Minnesota Leisure Time Physical Activity Questionnaire (30), the instrument on which our questionnaire is based, • During the 10-year reference period ending 2 yeare before diagnosis for cases and a similar assigned period for controls, t Cl, confidence interval.
has significant measurement error. An additional source of error is that our reference period may not be the appropriate etiologic time period. Differential measurement error could have led to spurious results if cases underreported their activity and/or controls overreported their true activity. However, to our knowledge, the association between physical activity and colon cancer is not well known by the general public. Our results are in substantial agreement with past studies of recreational physical activity and colon cancer. We found recreational activity to be significantly associated with reduced risk in men and in men and women combined, with the magnitude of the reduction in risk similar to the findings of other studies. Four previous studies, all prospective, have reported moderate or high levels of leisure physical activity to be significantly associated with reduced risk of colon or colorectal cancer among men, with relative risk estimates between 0.5 and 0.7 (6, 7, 11, 19) . Of two cohort studies among women, one in Sweden reported a rel- ative risk of 0.5 for colon cancer associated with regular exercise (7) , and one in a US retirement community reported little association with colorectal cancer (6) . A case-control study in Utah in which few women reported any occupational activity reported an odds ratio of 0.5 for the highest tertile of combined occupational and leisure activity (8, 13) . In the present study, the association with recreational activity was weaker and nonsignificant among women, perhaps due to the high background level of low intensity household activity among women.
In men, physically active occupations have consistently been associated with relative risks for colon or colorectal cancer of between 0.5 and 0.8 compared with more sedentary occupations (1-3, 7, 9-11, 13, 14, 17, 18, 20-23) . In women, occupational physical activity has been associated with significantly reduced risk in some studies (7, 9, 22) but not in others (13, 21) . We observed little reduction of risk associated with measures of occupational activity, except among men younger than 55. Among the younger men, the association was strong (relative risk for > 14.5 hours per week of moderate intensity work vs. none = 0.29), which may be due to higher intensity of occupational activity among younger men compared with women and older men. This is the first study to evaluate risk estimates for household activity. We did not find household activity to be associated with risk of colon cancer. The amount of physically active household work is difficult to recall, and many women reported 40 hours or more of household activity per week. Thus, the lack of association between colon cancer and household activity may be due in part to measurement error, and better methods are needed to measure this major source of activity among women. Several previous studies have examined the association between colon or colorectal cancer and total physical activity measured using a wide range of methods (8, 11, 12, (15) (16) (17) . These studies have generally reported reduced risk of colon cancer associated with total physical activity. Our measures of total activity were based on summing hours or METs for each type of recreational activity and for reported occupational activity on each job over a 10-year reference period. Although we observed no significant relation, there was a suggestion that 5 hours or more of moderate or high intensity activity per week (job and leisure combined) was associated with a small reduction in risk. Our approach to quantifying total energy expenditure (beyond sedentary activities) in terms of METs may not have been successful in predicting colon cancer because it may not be a measure of the appropriate characteristic of activity. Periodic vigorous activity (as measured, for example, by frequency of moderate or intense activity) may be more important in the etiology of colon cancer than total energy expenditure.
Several prior studies suggest that the protective effect of physical activity may be greater for cancer of the distal colon (1, 9, 12, 21) . We found no important differences by colon subsite.
The association of physical activity with reduced risk of colon cancer is also supported by animal studies. Experiments have shown that chemically induced colon cancer is reduced by physical activity including both forced strenuous activity, which led to weight loss (31) , and moderate voluntary activity, which did not lead to weight loss (32) .
The primary hypothesized mechanism of the physical activity-colon cancer relation is that exercise reduces intestinal transit time, which would limit the time of contact between the bowel mucosa and the bowel contents (which may contain mutagens or cytotoxic agents such as secondary bile acids). The relation between physical activity and transit time is supported by experimental studies in humans, one of which showed a 30 percent reduction in transit time with moderate exercise (33) . However, there is only limited evidence that transit time is associated with colon cancer. Animal studies (34, 35) and ecologic studies (36, 37) on this topic are inconsistent. The present study and some earlier epidemiologic studies (38, 39) found constipation, an indicator of long transit time, to be a risk factor for colon cancer. However, adjustment for frequency of constipation did not reduce the estimated relative risks for physical activity in this study. This indicates that any effect of physical activity on colon cancer was not even partially explained by the association of constipation with colon cancer risk in this study. Other postulated mechanisms are that the protective effect of physical activity is mediated by a reduction in body iron stores (40) (41) (42) or by changes in prostaglandin levels during physical activity (43, 44) .
In summary, this study provides additional support to the evidence that physical activity reduces the risk of colon cancer. Studies that investigate the mecha-
